Inter-simple sequence repeat (ISSR) analysis was used to evaluate the genetic variation of
INTRODUCTION
The genus Piper is the largest in the family Piperaceae and contains more than 3000 species reported from the tropical and subtropical regions around the world (Rahiman and Nair, 1983) . About 60 species were recorded in China, and 11 to 12 species in Hainan Island (Cheng et al., 1999; Chen 1964; Chen et al., 1992; Zheng, 1999) . Black pepper (P. nigrum L.) the most important commercial species, was introduced into Hainan, China, in 1947 from Indonesia. Black pepper production in Hainan is estimated over 80% in China, one of the main pepper producing countries in the world. Wild Piper spp. possibly has resistant traits such as the resistance to foot rot disease caused by Phytophthora capsici (Phytophthora palmivora MF4), which may be useful in variety improvement of black pepper. Moreover, *Corresponding author. E-mail: liu3305602@163.com. Tel: 86-898-23300530. the fruits and roots of most Piper species are widely used in Chinese medicines and indigenous medicines. The leaves of P. betle along with other ingredients like areca nut and lime are used as "chewing gum" by local people and the leaves of P. sarmentosum are used as vegetable and spice (Liu, 2010) . In recent years, expansion of rubber tree cultivation resulted in a decline of wild pepper resources in this region; hence investigation on the diversity of Piper spp. using molecular markers is of practical importance in programs of black pepper's breeding, local use and conservation of Piper genetic resources.
Inter-simple sequence repeat (ISSR) was first employed by Zietkiewicz et al. (1994) and Gupta et al. (1994) and has been proved to be a highly useful tool for estimating genetic diversity and assessing genetic relationships because it is simple, fast, cost-effective, reliable and highly discriminating (Ci et al., 2008; Crespe et al., 2009; Zhang and Dai, 2010; Uysal et al., 2010; Petros et al., 2008) . A few genetic studies using molecular markers such as random amplified polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP) have been conducted on the analysis of genetic diversity within Indian cultivars of black pepper (P. nigrum L.) (Pradeepkumar et al., 2003; Joy et al., 2007) . However, there is no report on the use of any molecular marker technique in the genus Piper in China. The objective of this study therefore was to evaluate the genetic diversity among the Piper spp. using ISSR markers.
MATERIALS AND METHODS

Plant materials and DNA extraction
71 accessions representing ten wild Piper species (P. hainanense, P. bonii, P. laetispicum, P. curtipedunculum, P. austrosinense, P. kadsura, P. puberulum, P. boehmeriaefolium, P. sarmentosum and P. betle) were collected from five sites in Hainan Island and propagated in our greenhouse. Three cultivated black pepper (P. nigrum) varieties/accessions (Kuching, Lampong Type and Panniyur-1) were collected from plantations in Hainan Island. The collecting origins of the 74 accessions investigated are given in Figure 1 and Table 1 . Genomic DNA from leaves of ten plants per accession studied was extracted and purified as described by Jiang and Liu (2009) and diluted to 50 ng/µl working solution for use.
Optimization of ISSR-PCR reaction conditions and selection of primers
The conditions of ISSR-PCR reaction were optimized using the method of single-factor experiment. The optimal ISSR-PCR amplification was established as follows: 20 µl reaction mixture containing 1.0 U Taq DNA polymerase, 0.8 mM of each dNTP, 0.2 mM primer, 1.8 mM MgCl2, and 50 ng template DNA for 35 thermal cycles. Amplifications were performed in a Biometra T Gradient Thermal Cycler using the following conditions: initial denaturation at 95°C for 5 min; denaturation at 94°C for 30 s; annealing at the optimum anneal temperature selected for 30 s; extension at 72°C for 45 s; 35 cycles; the last cycle followed by 7 min extension at 72°C.
For primer selection, and 90 ISSR primers (University of British Columbia, UBC) were employed for amplification with the template DNA of P. sarmentosum Roxb., P. betle Linn., and P. nigrum L. var. Kuching. Out of the 90 primers tested, 19 that gave satisfactory results were used for the genetic diversity analysis of all plant materials. The optimum annealing temperatures for each primer are shown in Table 2 . 
Data analysis
These primers were selected on the basis of the robustness of amplification, clarity and scorability of banding patterns. ISSR analyses were repeated twice and only clear bands produced twice were recorded for all samples. The ISSR bands were visually scored as either present (1) or absent (0) for each accession and each primer combination. The binary matrix was then used to measure pair-wise genetic distance using Nei's (1978) unbiased genetic distance with POPGENE version 1.32 (Yeh et al., 1997) . Genetic similarity (GS) coefficients were calculated by the numerical taxonomy and multivariate analysis system (NTSYS-pc) version 2.0 (Rohlf, 1998) . Clustering analysis was conducted using the UPGMA.
RESULTS
Analysis of genetic diversity
The 19 selected primers generated 248 bands of different sizes for 74 accessions of genus Piper with an average of 13.1 polymorphic bands per primer. Maximum number of fragments (16 bands) was found with primer UBC835, whereas the smallest number (ten bands) was generated by primer UBC864. 247 out of 248 fragments were polymorphic, with 99.60% of mean percentage of polymorphic bands (PPB) (Figure 2 ). The mean Shannon's information index (I) was 0.2843, the mean Nei's genetic diversity (H) was 0.1904, the average number of alleles per locus (Na) was 1.5376 and the effective number of alleles per locus (NE) was 1.3256. The calculated GS coefficients of all accessions ranged from 0.548 to 0.976, with a mean value of 0.762. The maximum coefficients of genetic similarity was between two specimens of P. hainanense (A10 and A12), the next was between two P. puberulum (D8 and D9) and the minimum was between P. betle (F2) and P. hainanense (A7) (data not shown). In further details, genetic similarity values were 0.775 to 0. genetic distance of 0.104, and finally 0.703 to 0.863 in P. austrosinense with the genetic distance of 0.16. UPGMA dendrogram generated from the similarity matrix is depicted in Figure 3 . The dendrogram clustered ten (P. hainanense, P. bonii, P. laetispicum, P. curtipedunculum, P. austrosinense, P. puberulum, P. boehmeriaefolium, P. sarmentosum, P. betle, and P. nigrum) out of the 11 species of Piper in one major group, with P. kadsura the first to branch out at a genetic distance of 0.63. Within the main group, three sub-cluster groups were defined at a genetic distance of 0.65 with P. hainanense, P. Bonii and P. curtipedunculum located in one sub-cluster group, P. laetispicum and P. austrosinense in another, and P. puberulum, P. boehmeriaefolium, P. sarmentosum, P. betle and P. nigrum in the last one. At a genetic distance of 0.67, 74 species were clustered into seven subgroups, except for P. hainanense and P. bonii that were placed in one, P. sarmentosum and P. betle in another, while the remaining clustered in separate subgroups. In addition, P. hainanense and P. bonii were distinctly divided from each other at a genetic distance of 0.74, while P. betle, and P. nigrum were distinguished from each other at a genetic distance of 0.85. The observed number of alleles (NA) within the localities ranged from 1.0645 to 1.8024, with the overall observed number of alleles been 1.9960 (Table 3 ). The effective number of alleles (NE) within the localities ranged from 1.0645 to 1.4514, with the overall effective number of alleles of 1.5211. The Nei's gene diversity (H) within the localities ranged from 0.0323 to 0.26787, with the overall Nei's gene diversity being 0.3121. Also, the Shannon's Information index (I) within the localities ranged from 0.0447 to 0.4047, with the overall Shannon Information index being 0.4744. The highest value of within-locality variation was observed in Jianfenglinling, and the lowest in Xinglong Tropical Botanical Garden. Jianfenglinling showed the highest level of genetic diversity because four species (P. hainanense, P. bonii, P. laetispicum and P. curtipedunculum) were collected from that locality, while in Xinglong Tropical Botanical Garden, only two black pepper cultivars were collected. Overall, the localities included in this study showed relatively high levels of genetic diversity. The dendrogram generated according to geographic locations where the accessions collected indicate that Jianfenglinling, Diaoluoshan, Limushan and Wuzhishan formed a group, with Jianfenglinling and Diaoluoshan being closely clustered together (Figure 4) , while Tropical Botanical Garden and Danzhou formed another group.
DISCUSSION
Herein, we presented the optimization of PCR To our knowledge, this is the first report on the characterization of genetic variation present among species in Piper naturally distributed in Hainan Island, China. In this study, P. hainanense, P. bonii, P. laetispicum, P. curtipedunculum, P. austrosinense, P. puberulum, P. boehmeriaefolium, P. sarmentosum, P. betle and P. kadsura were naturally distributed in Hainan, China, and three cultivars (Lampong Type, Panniyur-1 and Kuching) of P. nigrum were introduced from abroad. Pradeepkumar et al. (2003) reported the analysis of genetic diversity and relationships in Piper (P. longum, P. colubrinum and 22 Indian cultivars of P. nigrum) using RAPD markers, but none of the wild populations from China were included.
ISSR analysis showed that P. hainanense was more closely related to P. bonii, and P. sarmentosum was most closely related to P. betle, but P. kadsura was distantly related to the rest (Figure 3) . The genetic distance within each species naturally distributed was higher than that within P. nigrum of three main cultivars in China. This is in accordance with the conclusions of Pradeepkumar et al. (2003) , since cultivated varieties of black pepper propagated by cutting and modern breeding practice tend to narrow the genetic base of the species. Generally, the genetic diversity of species is influenced largely by the reproductive mode of the species. The wild species of Piper are dioecious (Krishnamurthi, 1996) and under natural conditions, long-term outcrossing may lead to a gradual increase in the genetic variation among individuals of wild Piper spp.
Furthermore, evaluation of genetic variation levels of the plants from the six localities indicate that the total genetic diversity was relatively high, and the statistical parameters such as the effective number of alleles (NE), the Nei's gene diversity (H) and the Shannon information index (I) were significantly higher than those for the general plants (Nybom, 2004) .
Relatively, the effective NE, the H and the I within Jianfenglinling and Diaoluoshan were higher than those within other localities, and this showed that conserving maximum diversity in Piper in these two localities is more effective than that in other localities. The major reason for the loss of genetic diversity of Piper may be attributed to the accelerated deforestation driven by the demand for monoculture of commercial plantations, especially rubber plantation. Natural rubber acreage in Hainan Island increased from 368,900 ha in 2002 to 415,100 ha in 2006 (Huang, 2007) , and it is estimated that the planting area of natural rubber trees in Hainan Island exceeded 480,002 ha in 2010. Most wild plants of Piper are climbers and adapted to the moist and shaded habitats. Thus, rubber plantation replaced the natural forests and destroyed wild Piper resources found in the natural forests. In addition, intemperate consumption of wild plants of Piper as Chinese medicines and indigenous medicines by local people may be another reason. More also, the fact that Jianfenglinling and Diaoluoshan were clustered in ISSR dendrogram demonstrated that the accessions from these localities has a close genetic relationship.
This may be attributed to the fact that Jianfenglinling and Diaoluoshan share similar habitats and sufficient numbers of accessions with greater species coverage were collected there. In conclusion, the results of this study clearly demonstrate that ISSR markers can be reliably used for quantification of genetic diversity and relationships, species identification and evaluation of conservation status of wild resources of Piper.
